metal-organic compounds 



Acta Crystallographica Section E 

Structure Reports 
Online 

ISSN 1600-5368 

(1 H-Benzimidazole-5-carboxylic acid- 
#N 3 )(1H-benzimidazole-6-carboxylic 
acid-fcN 3 )silver(l) perchlorate 

Li Ma, Yu-Hua Huang, Jian-Feng Xu and Hong Deng* 

School of Chemistry and Environment, South China Nomal University, Guangzhou 
510006, People's Republic of China 
Correspondence e-mail: dh@scnu.edu.cn 

Received 8 March 201 1 ; accepted 20 March 201 1 

Key indicators: single-crystal X-ray study; T = 296 K; mean cr(C-C) = 0.006 A; 
R factor = 0.040; wR factor = 0.103; data-to-parameter ratio = 1 1 .9. 



The reaction of lif-benzimidazole-5-carboxylic acid with 
silver nitrate in the presence of perchloric acid under 
hydrothermal conditions yielded the title complex, [Ag(C 8 H 6 - 
N20 2 )2]C10 4 , which comprises of an [Ag(C 8 H 6 N 2 0 2 ) 2 ] mono- 
nuclear cation and a perchlorate anion. The Ag 1 ion is 
coordinated by two N atoms from two different neutral 1H- 
benzimidazole-5-carboxylic acid ligands with an N— Ag— N 
bond angle of 163.21 (14)°, forming an [Ag(C 8 H 6 N 2 0 2 ) 2 ] 
mononuclear cation. Although both ligands in the mono- 
nuclear cation are monodentate with one N atom coordinated 
to the metal ion, they are different: one is N 3 coordinated to 
the Ag 1 ion and the N 1 atom protonated, the other with the N 1 
coordinated to the Ag 1 ion and the N 3 atom protonated (and 
thus formally a l//-benzimidazole-6-carboxylic acid rather 
than a l//-benzimidazole-5-carboxylic acid ligand). The planes 
of the two planar ligands are roughly perpendicular, making a 
dihedral angle of 84.97 (2)°. The packing of the ions is 
stablized by extensive O-H- ■ O, N-H- ■ O and C-H- ■ O 
hydrogen bonds, and by remote Ag- ■ O interactions 
[3.002 (3), 3.581 (5) and 3.674 (5) A]. 

Related literature 

For related structures, see: Guo, Cao et al. (2007); Guo, Li etal. 
(2007); Liu et al. (2005); Peng, Ma et al. (2010); Peng, Qiu et al. 
(2010). For graph-set motifs of hydrogen bonds, see: Bernstein 
et al. (1995); Eppel & Bernstein (2008); Grell et al. (1999). For 
van der Waals radii, see: Bondi (1964). 




Experimental 

Crystal data 

[Ag(C 8 H 6 N 2 0 2 ) 2 ]C10 4 
M, = 531.62 
Triclinic, PI 
a = 4.933 (2) A 
b = 13.330 (5) A 
c = 14.498 (6) A 
a = 78.566 (5)° 
/3 = 89.111 (5)° 

Data collection 

Bruker SMART APEX CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
7mi„ = 0.746, r m „ = 0.774 

Refinement 

R[F 2 > 2a(F 2 )] = 0.040 

wR(F 2 ) = 0.103 

S = 1.04 

3247 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



y = 82.554 (5)° 
V = 926.5 (6) A 3 
Z = 2 

Mo Ka radiation 
li = 1.29 mm -1 
T = 296 K 

0.26 x 0.24 x 0.22 mm 



4604 measured reflections 
3247 independent reflections 
2630 reflections with I > 2a(I) 
R„, = 0.017 



273 parameters 

H-atom parameters constrained 
A/w = 0.62 e A~ 3 
Ap mi „ = -0.70 e A~ 3 
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2.51 


3.398 (5) 


161 


Symmetry codes: (i) 


— x — 1, — y - 


H.-z + l; (li) 


x + 2, -v H 


-1,-z + l; (lit) 



-V + 3, -y + 2, -z + 1; (iv) -x + 1, -y + 2, -z + 1; (v) -x + 1, -v + 1, -z + 1; (vi) 
x + 1, v. z. 



Data collection: APEX2 (Bruker, 2004); cell refinement: SAINT 
(Bruker, 2004); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 
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3 3 
(l/Z-Benzimidazole-5-carboxylic acid-/dV )(l//-benzimidazole-6-carboxylic acid-/dV )silver(I) per- 

chlorate 

L. Ma, Y.-H. Huang, J.-F. Xu and H. Deng 
Comment 

In recent years, N-heterocyclic carboxylic acids as organic ligands attracted significant attention not only due to their ver- 
satile coordination modes but also because of their ability to facilitate the formation of high-dimensional coordination com- 
pounds. l//-benzimidazole-5-carboxylic acid is such an organic ligand, with four donor atoms (two N and two O atoms) 
and variable coordination modes. As a potential multidentate ligand, l//-benzimidazole-5-carboxylic acid is an excellent 
candidate for the construction of three-dimensional architectures. Up to this date, reported compounds based on this ligand 
are still quite rare, but have recently started to attract some interest (Guo, Cao et al. (2007); Guo, Li et al. (2007); Liu et al. 
(2005); Peng, Ma et al. (2010); Peng, Qiu et al. (2010).). According to these precedents in the literature and experience, the 
nature of the final metal coordination framework is still hard to predict. To gain more insight into this system we thus chose 
l//-benzimidazole-5-carboxylic acid and silver nitrate in a 1:1 ratio in the presence of perchloric acid under hydrothermal 
conditions to construct a new framework. Herein, we report an Ag coordination complex salt based on this ligand, namely 
[Ag(CgH6N202)2]-C104, with a three-dimensional supramolecular network created by O — H—O, N — H—O, and C — H— O 
hydrogen bonds, and by Ag-0 interactions [3.002 (3), 3.581 (5) and 3.674 (5) A]. 

As shown in Figure 1 , the title compound contains an Ag 1 ion, two silver coordinated different neutral l//-benzimidazole- 

5-carboxylic acid ligands and a perchlorate anion. The Ag 1 ion is coordinated by two N atoms from two different l//-ben- 
zimidazole-5-carboxylic acid ligands with Ag — N bond lengths of 2.106 (4) A, and an N — Ag — N bond angle 163.23 °. 
Although both of the two ligands in the mononuclear cation are monodentate ligands with one nitrogen atom coordinated 

% T 1 

to the metal ion, they are different: one with the N coordinated to the Ag ion and the N atom protonated, the other with 

1 T 3 

the N coordinated to the Ag ion and the N atom protonated (and thus formally a l//-benzimidazole -6-carboxylic acid 
rather than a l//-benzimidazole-5-carboxylic acid ligand), thus forming a mononuclear [Ag(CsH6N202)2] cation. 

Adjacent [Ag(C8HgN202)2] mononuclear cations are linked to each other through O — H—O hydrogen bonds with the 

2 

R 28 graph set motif typical for carboxylic acids (Bernstein et al. (1995); Eppel & Bernstein (2008); Grell et al. (1999)) 
to form a ribbon-like chain of [Ag(C8HgN202)2] units that stretch along the (110) direction of the structure (Figure 2). 
Adjacent chains are further linked to each other by weak C — H - 0 hydrogen bonds leading to the formation of layers of 
[Ag(CgH6N202)2] cations. The perchlorate anions are bonded to these layers through strong N — H—O hydrogen bonds 
originating from the imidazole rings, and through short O— Ag interactions (Figure 3). The 06 - Ag, 07— Ag, 08— Ag, 
distances are 3.002 (3), 3.581 (5), 3.674 (5) A, respectively, which is shorter than the sum of the van der Waals radii for 
silver and oxygen atoms (3.91 A) (Bondi (1964)). 
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Experimental 

An aqueous mixture (10 ml) of l//-benzimidazole-5-carboxylic acid (0.05 g 0.3 mmol), silver nitrate (0.05 g 0.3 mmol) and 
perchloric acid (pH=2) was placed in a 23 ml Teflon-lined stainless-steel autoclave, heated to 443 K for 3 days, then cooled 
to room temperature at 5 K/h. Yellow prism-shaped single crystals were collected (yield 0.06 g, 0.1 mmol, 75% based on 
l//-benzimidazole-5-carboxylic acid). 

Refinement 

All H-atoms attached to C, N and O atoms were fixed geometrically and treated as riding with C — H = 0.93 A, N — H = 
0.86 A and O— H = 0.82 A and U iso (R) = l.2U eq (C,N) and C/ iso (H) = 1.5t/ eq (0). 



Figures 
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Fig. 1. The structure of the title compound, showing the atomic numbering scheme. Non-H 
atoms are shown with 30% probability displacement ellipsoids. 



Fig. 2. One of the ribbon like [Ag(CsH6N202)2] chains linked by O — H—O hydrogen bonds 
along the (110) direction. 



Fig. 3. A packing view of title compound along the a axis, showing the O — H—O, O — H— N 
and C — H—O hydrogen bonds and the Ag— O interactions. 



•3 O 

(1H-Benzimidazole-5-carboxylic acid-KiV )(1H- benzimidazole-6-carboxylic acid-KiV )silver(l) perchlorate 

Crystal data 

[Ag(C8H 6 N 2 02)2]C104 Z=2 

M r = 531.62 ^(000) = 528.0 

Triclinic, PI D x = 1 .906 Mg nT 3 

Hall symbol: -P 1 Mo Ka radiation, X = 0.71073 A 

a = 4.933 (2) A Cell parameters from 3317 reflections 

b = 13.330 (5) A 9=1.6-25.2° 

c= 14.498 (6) A n = 1.29 mm" 1 



sup-2 



supplementary materials 



a = 78.566 (5)° 
(3 = 89.111 (5)° 
y= 82.554 (5)° 

V= 926.5 (6) A 3 



T=296K 

Prism, yellow 

0.26 x 0.24 x 0.22 mm 



Data collection 

Bruker SMART APEX CCD 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

co scans 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
r min = 0.746, r max = 0.774 
4604 measured reflections 



3247 independent reflections 

2630 reflections with / > 2c(7) 
^=0.017 

Qmax ~~ 25.2°, 0min ~~ 1-6° 

h = -5^5 

Jt = -15— »13 
/ = -16-»17 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.040 
wR(F 2 ) = 0.103 
S= 1.04 

3247 reflections 
273 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[o 2 (F 0 2 ) + (0.05 81P) 2 + 0.3563P] 

where P = {F 2 + 2F 2 )/3 



(A/a) n 



0.001 



Ap m ax = 0.62 e A 
Ap mi „ = -0.70eA" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted ic-factor wR and goodness of fit S are based on F 2 , convention- 
al ic-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > o(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 

x y z £/i so */£4q 

Agl 0.44123 (8) 0.70811 (3) 0.15898 (2) 0.04721 (15) 

CI 0.6189 (10) 0.4842 (4) 0.1256 (3) 0.0466 (11) 
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Atomic displacement parameters (A 2 ) 

jjU V 22 V 33 jjU jjU V 23 

Agl 0.0531 (3) 0.0393 (2) 0.0526 (2) -0.01424 (16) 0.00379 (16) -0.01219 (16) 

CI 0.042 (3) 0.052 (3) 0.049 (3) -0.009 (2) 0.008 (2) -0.013 (2) 

C2 0.031 (2) 0.035 (2) 0.038 (2) -0.0045 (17) -0.0032 (17) -0.0080 (18) 

C3 0.043 (3) 0.039 (2) 0.043 (2) -0.005 (2) 0.0001 (19) -0.014 (2) 
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U.UUj4 yly) 


A AA/1 Q / 1 Q\ 

U.UU45 (loj 


A A1 A7 /I Q\ 

U.U1UZ ylo) 




a r\A i 
U.U41 ) 


A ATC /7\ 

U.Ujj yZ) 


A ATO /7\ 

U.Ujo yZ ) 


A AA70 /I A\ 

U.UUZo (^IVJ 


A AA7/1 /I Q\ 

u.uuz4 (lyj 


A AAO 1 / 1 Q\ 

u.uuoi yio) 


i 7 
1 1Z 


A A/1 7 /"J\ 

U.U4 / (3 J 


A AT /I 

U.UJ4 yZ) 


a A/i c n\ 
U.U4j (j j 


A AAC /7\ 

— U.UUj (Z j 


A AAT /7\ 

— U.UUj (Z ) 


A AA7 /7\ 

— U.UU / yZ) 


tl j 


A ATC /'>\ 

U.Uj J ^Z J 


A A/1 1 /")\ 

U.U41 (ZJ 


A A/1 A /7\ 

U.U4U (Z J 


A A A /C 1 /I A\ 

u.uuoj 


A AAT 7 /I Q\ 

U.UUjZ ylo) 


A AA70 /I A\ 

u.uu /o (iyj 


1 A 

C14 


A ACT /Q\ 

U.Uj / (, j J 


a A/i a /"3\ 
U.U43 (j J 


A A/1 A /T\ 

U.U4U (j ) 


A AA1 fy\ 

U.UU1 yZ) 


A AA/1 

U.UU4 yZ ) 


A AA 1 /7\ 

U.UU1 (ZJ 




A AC.7 /T\ 

U.Uj / (, j J 


A AT 7 /7\ 

U.UjZ (ZJ 


A A/i a n\ 
U.U4V ^J ) 


A AAO /7\ 

u.uuo ^z j 


A nn i /7\ 
U.UU1 (ZJ 


A aa/: /7\ 

U.UUO (Z J 


do 


A A/1 Q 

U.U4o ^J J 


A AC 1 /Q\ 

U.Uj 1 ^ j ) 


A AIO ^7\ 

U.Ujo yZ ) 


A AA7 /7\ 

U.UUZ ^Z J 


A AAA /7\ 

U.UUU ^Z J 


A A 1 A /7\ 

U.U1U ^Z J 


/~M 1 
L-ll 


A ATQ/I //:\ 

U.Uj 34 (0 ) 


A AC/1 7 /7\ 

U.UD4Z (^/J 


A A/1 cc 

U.U4JJ (0 ) 


A AA7 1 /C\ 

U.UUZ 1 yj) 


A AA7/: /c\ 
U.UUZO (J ) 


A AAO/] /C\ 
U.UU04 (J ) 


XT 1 
IN 1 


A A/1 1 n\ 

U.U41 yZ ) 


A AQO /7\ 

U.Ujo (ZJ 


A A/1/1 /7~\ 

U.U44 (Z ) 


A AA/1 7 /1 1~\ 

U.UU4 / yi / ) 


A AACO /;\ 
U.UUjo ylO) 


A AAO 7 /I 7\ 

U.UUo / yL / ) 


JNZ 


A ACC t"X\ 

U.Uj J yj ) 


A A/1 A /7\ 

U.U4U (ZJ 


A AC/i /7\ 

U.Ujo yZ ) 


A AA77 /I o\ 

U.UUZ / yLo) 


A A 1 T 1 /1f)\ 

u.uiji yiy) 


A A1 A /r /1 o\ 

U.UiyO yi-o) 


IN j 


A A/i/: 
U.U40 (Z J 


A A17 /")\ 

U.Uj 1 yZ) 


A A/1 1 /7\ 

U.U4j (Z J 


A aaq/: /i 7\ 

u.uuyo yi / ) 


a aa i /: n n 

u.uuio yio) 


A A1 AA /I 7\ 

u.uiuy ^ 1 / ) 


IN 4 


A ACO /T\ 

U.Ujo J 


A ATT /7\ 

U.Ujj yZ) 


a A/17 /OA 
U.U4 / (ZJ 


A AA C 7 n OA 

U.UUjZ (,1oJ 


A AAQA (\ Q\ 


A AA 1/1 /I 7\ 

u.uui4 yi / ) 




A ACQ S-t\ 

u.ujy (Z ) 


a A/i ai nn\ 
U.U4 j j yly) 


a A/;o /7\ 
U.UOo (Z J 


A AA/Z7 /i /;\ 

u.uuo / yio) 


A A7/1 1 /I 7\ 

U.UZ41 yi / ) 


a aa 17 / 1 
U.UU1 / y\-0) 


<JZ 


A ATI /T\ 

U.U / 1 yj ) 


A AT 7 1 /I A\ 

U.Uj / I 


A r\n i /7\ 
U.U / 1 ^Z ) 


A AAT 7 / 1 7\ 

U.UU j / yi 1 ) 


A AT A1 /I A\ 

u.ujui (,iyj 


A AAO/] /I sr\ 

U.UUo4 yi-V) 




a a*7a 

0.079 (3) 


0.066 (2) 


A A C /I /TX 

0.054 (2) 


A A1 a /TX 

-0.016 (2) 


A m C C / 1 A\ 

-0.0255 (19) 


A AAAO /I ON 

-0.0008 (19) 


04 


0.072 (3) 


0.054 (2) 


0.064 (2) 


-0.0176(19) 


-0.0196 (18) 


-0.0074 (18) 


05 


0.060 (2) 


0.067 (2) 


0.052 (2) 


-0.0115 (19) 


0.0080 (16) 


-0.0069 (17) 


06 


0.0317(18) 


0.064 (2) 


0.075 (2) 


-0.0046 (16) 


-0.0046 (15) 


-0.0080 (18) 


07 


0.077 (3) 


0.087 (3) 


0.125 (4) 


0.011 (3) 


0.004 (3) 


0.051 (3) 


08 


0.060 (3) 


0.199 (6) 


0.128(4) 


-0.023 (3) 


0.010 (3) 


-0.120(4) 



Geometric parameters (A, °) 



Agl— Nl 


2.106(4) 


C10— C15 


1.383 (6) 


Agl— N3 


2.106 (4) 


C10— CI 1 


1.390 (6) 


CI— Nl 


1.313 (6) 


C10— N3 


1.391 (5) 


CI— N2 


1.340 (6) 


Cll— N4 


1.379 (5) 


CI— HI 


0.9300 


Cll— C12 


1.393 (6) 


C2— C7 


1.383 (6) 


C12— C13 


1.386(6) 


C2— C3 


1.387 (6) 


C12— H12 


0.9300 


C2— Nl 


1.394 (5) 


C13— C14 


1.399 (6) 


C3— N2 


1.379 (6) 


C13— C16 


1.480(6) 


C3— C4 


1.392 (6) 


C14— C15 


1.373 (6) 


C4— C5 


1.368 (7) 


C14— H14 


0.9300 


C4— H4 


0.9300 


C15— H15 


0.9300 


C5— C6 


1.399 (6) 


CI 6— 04 


1.255 (6) 


C5— H5 


0.9300 


CI 6— 03 


1.275 (5) 


C6— C7 


1.390 (6) 


Cll— 08 


1.408(4) 


C6— C8 


1.482 (6) 


Cll— 07 


1.416 (4) 


C7— H7 


0.9300 


Cll— 05 


1.426 (4) 


C8— 02 


1.234 (5) 


Cll— 06 


1.434 (3) 


C8— Ol 


1.294 (5) 


N2— H2 


0.8600 


C9— N3 


1.312(6) 


N4— H4A 


0.8600 
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C9 — N4 


1.348 (6) 


01 — H1A 


0.8200 


C9 — H9 


0.9300 


03 — H3 


0.8200 


Ml A„| Ml 

JN 1 — Agl — JN i 


103.21 (14) 


r^ii rn un 
C13 — C12 — H12 


111 *7 

121 . / 


\r1 p 1 MO 

JN 1 — CI — JN2 


in n /■,i\ 

112.9 (4) 


n i ul o 
Cll — Clz — Hlz 


111 n 

121 . / 


M 1 P 1 Ul 

JN 1 — CI — HI 


123.0 


pn p 1 ^i 
Clz — CI i — C14 


111 n (a \ 
121.V (4) 


MO 1 Ul 

IN 2 — CI — HI 


123.0 


pn pit 
Clz — C13 — Clo 


1 1 Q Q ( A\ 

1 lo.o (4) 


f~*H PO PI 

C/ — C2 — CJ 


121.U (4) 


C14 — C13 — Clo 


1 1 n i sa\ 
lly.3 (4) 


po po mi 
C / — C2 — JN 1 


1 1A *7 //I \ 

129. / (4) 


pi r pn pn 

CIS — C14 — C13 


1 in o sa\ 
12U.0 (4) 


PI PO M1 

CJ — C2 — JN 1 


1 AA 1 //I \ 

lUy.3 (4) 


PK Z"" 1 1 A U1 /I 

CI J — C14 — H14 


1 1 A / 

1 19. o 


mo pi po 
JNz — C3 — C2 


1UD.3 (4) 


f 1 1 o pi a uu 
CI J — C14 — H14 


1 1 ft a 
1 19.0 


mo pi p/i 
JNz — C3 — C4 


132.0 (4) 


pn pk pm 
C14 — CIS — C10 


I 1 O 1 ( A\ 

II o.l (4) 


po pi p/i 
Cz — C3 — C4 


i t) a ( a \ 
ill. U (4) 


P1/1 PK UK 

C 14 — C 1 J — H 1 5 


111 A 

121 .U 


pc p/i pi 
C5 — C4 CJ 


1 lo.O (4) 


pin pic uk 
C10 — CIS — HID 


111 A 

121 .U 


r^c /~m U/i 
C5 — C4 — H4 


I'll 1 

121 . / 


r\A t ' 1 C 

U4 — C 1 0 — U 5 


111 Q fA\ 

123.0 (4) 


r^i f^A u/i 
Cj — C4 H4 


111 n 

121 . / 


U4 — C 1 o — C 1 j 


1 1A 1 (A\ 

12U.1 (4j 


f^A r^t* 
C4 — C5 — Co 


1 11 A ( A\ 

111 A (4 J 


p 1 /; p 1 i 

U i — C 1 o — C 1 5 


1 1 £ 1 ( A\ 

110. 1 (4) 


p/i r*c t_tc 
C4 — C5 — H5 


1 1 o o 

1 lo.o 


P1 1 P."7 

Uo — Cll — (J 1 


111 1 ( A\ 

111.1 \A) 


p/; pc uc 
Co — C5 — Hi 


1 1 o o 

llo.o 


Uo — Cll — CO 


1 AO *7 (1\ 

lUo./ (3) 


po p/: pc 
C/ — Co — C5 


1 ia /i / /i \ 
12U.4 (4) 


P.T PI 1 P.C 

U/ — Cll — U5 


1U/.J (3) 


r^"7 f^£. f^Q 

C / — Co — Co 


111/1 (A \ 

1 1 1 A (4 J 


US — CI 1 — Uo 


1 Afl A /1\ 

iuy.y (2j 


pc p/; po 
C5 — Co — Co 


122.3 (4) 


(J 1 — Cll — Uo 


1 AA 1 /I \ 

1U9.1 (3) 


po po p/; 
Cz — C / — Co 


I 1 n i (A \ 

II /. / (4) 


s\ z P1 1 P*/C 

U5 — Cll — Uo 


1 1 A <C /1\ 

11U.0 (2) 


po r"7 uo 
Cz — C / — H / 


111 1 

I2l .2 


pi Mi PI 

CI — JN 1 — Cz 


1 AC A //l \ 

1UD.U (4) 


p/; f^n in 
Co — C / — H / 


111 i 

121 .2 


P 1 M 1 A ~ 1 

CI — JN 1 — Agl 


111 1 /I \ 

131.1 (3) 


p.o po p.1 

U2 Co — U 1 


111 1 ( A\ 

[15.1 (4) 


pn xt i a „ i 
Cz — JN 1 — Agl 


1 11 A (1\ 

123.V (3) 


P.O po p/r 

(Jz — Cs — Co 


111 1 (A \ 

121 .2 (4) 


pi Mi PI 

CI — JN2 — C3 


1 A*7 ( A\ 
1U/.D (4) 


p,i po p/; 
Ul — Co — Co 


I 1 e £ (A\ 

I I J.D \A) 


p 1 Ml 

CI — JN2 — H2 


1 1A 1 

120.2 


Ml Pn M/1 

JN3 — C9 — JN4 


111 1 (A \ 

ill. I (4) 


PI MO UO 

CJ — JN2 — H2 


i i/i i 
12o.2 


mi pn un 

jnj — cy — Hy 


1 11 H 

123. / 


i~*Ci MT pin 

Cy — JN i — C 1 0 


11D.3 (4) 


M/i pn un 

jn4 — cy — Hy 


1 n i 
123. / 


pn mi a „ 1 
Cy — JN i — ^Ag 1 


13U.1 (3) 


C 1 5 — C 1 0 — C 1 1 


111 A f A \ 

121.U (4) 


pin mi a „ 1 
C10 — JN3 — ^Agl 


111 1 

121./ (3) 


PK pi(| MO 

CIS — CIO — JN3 


129.7 (4) 


pn TvT A P 1 1 

Cy — N4 — Cll 


1 AT /I {A \ 

1U/.4 (4) 


Cll— CIO— N3 


109.2 (4) 


C9— N4— H4A 


126.3 


N4— Cll— CIO 


105.4 (4) 


Cll— N4— H4A 


126.3 


N4— Cll— C12 


133.0 (4) 


C8— Ol— HI A 


109.5 


CIO— Cll— C12 


121.7 (4) 


CI 6— 03— H3 


109.5 


C13— C12— Cll 


116.5 (4) 







Hydrogen-bond geometry (A, °) 



d — a—A 


D — H 


n-A 


D-A 


D—H-A 


Ol— HlA-02' 


0.82 


1.82 


2.634 (5) 


173 


N2— H2-05" 


0.86 


2.15 


2.983 (6) 


163 


03— H3-04"' 


0.82 


1.80 


2.608 (6) 


168 


N4— H4A-06 iv 


0.86 


2.14 


2.935 (6) 


153 


C14— H14-03 


0.93 


2.41 


2.729 (6) 


100 


C14— H14-01 v 


0.93 


2.60 


3.491 (6) 


162 


C15— H15-02 vi 


0.93 


2.51 


3.398 (5) 


161 
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Symmetry codes: (i) -x-\, -y+\, -z+1; (ii) -x+2, -y+1, -z+1; (iii) -x+3, ->>+2, -z+1; (iv) -x+1, ->+2, -z+1; (v) -x+1, ->+l, -z+1; 
(vi) x+l,>>, z. 
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Fig. 2 
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